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EVALUATION OF THE PHOTOGRAPHIC CHARACTERISTICS
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ABSTRACT
Ammonia-converted iodobromide emulsions with 0, 1, and 5 mole%
iodide were prepared with a single-jet precipitation procedure to
the same grain-size distribution. After development to gamma-infinity
with high-solvent and low-solvent type developers, photographic
characteristics were determined and are reported here.
Iodide affects absorption of light in an emulsion, but when
corrections are made for this change in absorption, iodide does not
change the basic sensitivity of sulfur-sensitized emulsionso
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I ) INTRODUCTION
Silver iodide, silver bromide, and various combinations of the
two have been employed in the making of photographic emulsions since
the beginning days of photography
Silver iodide was introduced as a photographic material in the
continuing search for a more sensitive recording media. It was found,
by Huse and Meulendyke, that mixtures of bromide and iodide were more
2
sensitive than the individual halides alone .
When mixed halide emulsions were prepared for use in the wet
collodion process, iodide was added in a larger percentage of the
emulsion volume because the sensitivity of iodide was found to be
3 4
greater than that of silver bromide
'
. This result was unique to the
wet collodion process as these bromide-iodide percentages were found
4 5
to be less satisfactory for use in later processes
'
.
Each of the silver halides, and their mixed crystals, has a
particular absorbance band
'
. (Figures 1 and 2) For iodide used in
combination with bromide or chloride, the results are different from
8 9
those displayed by bromide-chloride combinations
'
. When iodide is
added to bromide or chloride, up to approximately 30-35% iodide, the
spectral absorbance band is extended beyond its predicted endpoints,
suggesting that speed increases reported by various authors may be
9 10
caused by increased spectral absorbance
'
. For iodide percentages
larger than 35% a new spectral absorbance band appears and becomes more
g
sharply defined as iodide content approaches 100% .
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Figure 2
Spectral Absorption of Silver Halides
The incorporation of small amounts, less than 10%, of iodide was
first reported by Carey Lea . To this day, camera-speed films still
use these small percentages of iodide, varying the amounts for
specific purposes. Since Lea's report, extensive work has been
performed to define and characterize exactly the effect of different
iodide-bromide percentages on the sensitivity and response of prepared
emulsions.
12-14
Trivelli and Smith published a series of three papers in
which they varied conditions of precipitation time, iodide percentage,
ripening time, and gelatin type in an effort to characterize the
photographic properties of silver iodobromide emulsions. In two of
their three papers, neutral emulsions are specified. A gelatin
"sensitivity
factor"
is mentioned, as is the terra "high-speed
gelatin."
These statements lead this author to believe that the gelatins used
were of a non-inert type, making interpretation of the results
difficult, in that increased sensitivity may be due to increased
spectral absorption or increased chemical sensitization.
26
Baldsiefen, et. al., studied the sensitometric characteristics
of both neutral and ammonia-converted emulsions with respect to speed
and gamma. Their emulsions were created by centrifuging the silver
halide crystals and separating the emulsion according to grain size.
These emulsion separations were then recombined to provide films with
unique grain-size distributions. No mention was made as to the type or
purity of the emulsion components
27




emulsion. The details of making and
evaluating these emulsions are incomplete. No data is available on the
component type or purity, or on the photographic characteristics
obtained.
28
Galvin evaluated double-jet precipitations of an ammonia-
converted emulsion. For his tests, silver bromide emulsions were
prepared to which iodide was added immediatly prior to coating. These
conditions are different from both industry standards and from the
procedures laid out for this work.
Some of the experiments reported in the photographic literature
have been carried out under the unrecognized and uncontrollable
I t
handicap of unwanted, contaminating impurities . The idea for
18
inertizing gelatin was first suggested by Steigmann in 1934 . It
wasn't until many years later, however, that inert gelatins capable of
responding to artifical sensitizers were commercially available
Prior to the availability of these inert gelatins, the problem of
impurities was handled by
"blending"
gelatins having different
photographic properties in an attempt at uniformity from one emulsion
batch to another. At the present time, some blending of emulsions
still takes place. Over the last 50 years vast improvements have
been made in the methods of preparing, purifying, and storing
17-23
photographic grade chemicals and materials, including gelatin
These improvements have reduced significantly the possibility of
accidental contamination of a photographic emulsion by unwanted
24,25
impurities in its component parts . Modern-day emulsion makers
30
use inert gelatins exclusively for the preparation of emulsions. The
less pure and less inert gelatins are now used in the other areas of
35
film preparation such as top-coating and antihalation backing .
While there can never be any question as to the value of the
26
documented research
, the improvements in component quality and
measurement capability have resulted in much of this work being
repeated and improved .
Many other studies of iodide effects have been reported. Hirsch
published two papers simultaneously studying the single-jet
precipitation of a neutral emulsion. The study determined an empirical
equation relating precipitation temperature to iodide content of the
silver grain, and the print-out and regression of iodine and silver
31
caused by exposure. Apple studied single-jet precipitations of an
ammonia-converted emulsion to determine changes in grain-size
distribution as a function of change in precipitation time. Markocki
32
and Zaleski investigated double-jet precipitations of silver
iodobromide emulsions. Emulsions were prepared so that equal diameter
grains were obtained. These emulsions were then ripened in the
presence of excess bromide and ammonia to study the stability of
crystal habit during ripening.
In the majority of works available for study, where the point has
been reported, the work has been performed with a neutral-type emulsion
formula1' 12"15' 29. in only a few
cases1' 28' 32
has the effect of
iodide in an ammonia-converted emulsion been considered. In a most
29
recent work by Wong , investigation of the "iodide
effect"
has been
approached again. This work was a study of a series of single-jet
precipitations using a neutral-type iodobromide emulsion with iodide
varying in percentage from 1-10 mole %. Wong found that, for emulsions
of a similar granularity, the addition of iodide caused a significant
increase in photographic speed but no difference between surface and
internal sensitivity with increasing iodide percentage. Not reported
in the Wong thesis were the changes in spectral absorption caused by
the increased iodide content. The improved photographic speeds
reported by Wong are believed to be a result of the increase in
absorption This belief is supported by another work currently in
33
progress
It is the aim of this work to add to these two sets of results.
Single-jet precipitations of an ammonia-converted iodobromide emulsion
with 0, 1, and 5 mole% iodide were prepared using procedures and
formulae similar except for precipitation time and temperature. The
relative response of these emulsions to photographic developers with
high and low solvency action was studied because of the possibility
that the relative response in a high-solvent developer, as compared to
a low-solvent developer, would improve as iodide content increased.
Comparisons were made on photographic and sensitometric characteristics
of the three film types.
II) EXPERIMENTAL
A) Emulsion Making
Ammonia-converted negative emulsions containing 0, 1, and 5
mole% iodide were made by single-jet precipitation. To reduce
variability between emulsions, similar formulae and procedures were
used and emulsions were replicated for comparison purposes. Because
29 33




the formulae here were taken from the Wong thesis and changed only to
accomodate the ammonia-conversion of the silver.
1) Precipitation











0% Iodide 7% phthalated gelatin 8.00 gm
KBr (99.6%) 13.09 gm
distilled water, to make 400.00 ml
1% Iodide 7% phthalated gelatin 8.00 gm
KBr (99.6%) 12.50 gm
KI .166 gm
distilled water, to make 400.00 ml
5% Iodide 7% phthalated gelatin 8.00 gm
KBr (99.6%) 11.90 gm
Kl .83 gm
distilled water, to make 400.00 ml
Halides and silver nitrate were weighed with a precision
of 0.001 gm.
All halide solutions were prepared in a 1.0 L stainless
steel beaker. Silver nitrate solutions were prepared, reacted with
ammonia to completion, and stored in 2.0 L volumetric flasks.
At precipitation time, halide solutions were placed in a
controlled-temperature water bath and stirred with a turbine-type
mixer. Stirring speeds were adjusted to provide maximum mixing without
splashing solution out of the beaker.
Silver solutions were pumped into the reaction beaker
with a Sage Instruments Model 220 syringe pump. Using two 50 ml glass
syringes, precipitation times from 20 minutes to 200 minutes were
available by rheostat ic adjustment.
Under Wratten #1 safelight illumination, all emulsions
were precipitated. By adjusting precipitation time and temperature,
emulsions with similar grain-size distributions were prepared and
replicated. Time and temperature were determined by precipitating
emulsions and analyzing grain-size distributions for each emulsion type
until similar distributions were obtained. Precipitation times and
temperatures are given in Table 1.
Table 1





21 min. 24 sec.
21 min. 24 sec.








Following precipitation, emulsions were removed from the
controlled-temperature bath and placed in an ice-water bath to coolo
When the temperature of the emulsions reached 10-15C, 5.0 N sulfuric
acid was added to aid coagulation and the beakers containing the
emulsions were covered and stored in a refrigerator until coagulation
was completed. Complete coagulation required approximately two hours
in the refrigerator, ''/hen completed, the supernatant liquid was
decanted slowly and carefully. The coagulum was washed with cold
-4
5 x 10 M KBr solution, covered with the same solution, sealed, and
returned to the refrigerator until redispersion could be affected.
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2) Redispersion and Sensitization
Following a period of refrigeration, each emulsion was
decanted and again washed with 5 x li KBr solution. At this point
the emulsion is ready for redispersion and sensitization,, For
redispersion of a .10 M silver halide emulsion, the following solution
was prepared:
Redispersion solution
inert gelatin 60.00 gm
.10 N NaOH solution 100.00 ml
5 x 10""m KBr solution, to make 2000.00 ml
The redispersion procedure was started when the emulsion was placed in
a 50C controlled-temperature water bath. The mixing turbine was
inserted and started as the warm (40-45C) redispersion solution was
added and the speed of the turbine was adjusted to obtain maximum
mixing.
When the emulsion volume reached 900 ml, pH and pAg
levels were adjusted by use of an Orion Research Model 701A Ionalyzer
with multiple probe switcher. For pH, an Orion glass electrode,
calibrated with a buffer of pH 6.833 at 50C was used; for pAg, a
ion electrode was used. The electrode potential was calibrated with a
standard M KBr solution. One Orion reference electrode was used
common to both ion electrodes. Appendix A gives details of pAg
adjustment.
The pH value of the emulsion was adjusted with .10 N
11
NaOH and .10 N
H2S04 to 6.1-6.3 at 50C. The pAg was adjusted with
.10 N KBr and .10 N
AgN03 to 8.8-9.0 at 50C, after which the emulsion
volume was brought to 1000 ml, and the pH and pAg were remeasured. At
this point, each emulsion was split into two batches. 600 ml was
sealed and stored for final testing, whereas 400 ml was placed in a
second beaker for sensitization testing.
Under turbine stirring the smaller batch of emulsion was
sensitized with 25 mg thiosulfate/mole silver halide at 55C. For this
purpose, a stock solution of sodium thiosulfate was prepared. Its
composition was 1.0 gm/liter. In order to determine optimum
sensitization time, test coatings were made at 0, 15, 30, 45, 60, 90,
and 120 minutes of sensitization using 50 ml of emulsion per coating.
Prior to coating, 1.0 ml of emulsion-grade saponin solution was stirred
into each 50 ml coating sample. The composition of the saponin
solution was 7%. Coating procedures are given in Appendix C. Coatings
were dried in a special dryer designed to provide a uniform, rapid flow
of air over all surfaces of the film.
Sensitometric strips from each sensitization level were
exposed to white light in an E. G. +G. Mark 6 flash sensitometer, after
which they were processed together in Kodak D-76 for 4 minutes, stopped
in Kodak SB-1, and fixed in Kodak F-5. Step tablet densities were read
with a Macbeth TD-102 densitometer. Density-log exposure curves were




where H is the exposure required to produce
s
a density of .10 above base + fog.
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3) Sensitization and Coating
Having determined the optimum sensitization time, the
remaining batch of emulsion was removed from the refrigerator and
remelted.
At 55C, under constant turbine stirring, thiosulfate
solution is added to the emulsion, 25 mg thiosulfate/mole AgX, and the
emulsion sensitized for the predetermined amount of time. When
sensitization was completed, 6-raethyl-4-hydroxyl-l,3,3a,7-tetrazaindene
solution (TAI) was added, 1 gm TAI/mole AgX, to stop further sensitization.
The composition of the TAI solution was 2 gm/liter.
At this point, each emulsion batch could be coated.
Coatings were made on a syringe-fed bar coater- Coater characteristics
can be found in Appendix B. Each coating was 5 inches x 18 inches in
area. Approximately 15 minutes were required to complete each coating.
A total of 18 coatings were made for each batch of emulsion. After
drying in the special dryer, each film was examined under safelight
illumination for defects. Edges and defects were trimmed off and
discarded. Coatings were then cut to 3.75 inches x 8 inches for
storage or 1.25 inches x 8 inches for testing. Each emulsion type was
represented by an original and a replicate emulsion batch. Replicates
were found to possess the same sensitometric characteristics. For
this reason, all coatings for an emulsion type were randomly mixed
together for testing and evaluation. Samples not in use were wrapped
in sheets of black plastic, boxed, and stored in a freezer until needed.
14
B) Grain-Size Distribution
The primary requirement of the emulsions prepared for this
work was that before any sensitometric testing could take place each
of the emulsions must possess similar grain-size distributions. After
34
considerable discussion the arbitrary, but well defined, criteria of
+/- 25% of both grain size and grain count was established. (See
Figure 4) In other words, any two distributions where grain size and
grain count differ by less than 25% are classified as similar.
The reasoning behind this requirement is that one of the
characteristics under study is spectral absorption which is related to
both composition and surface area. Thus comparison of similar sized
emulsions is necessary to allow use of the hypothesis that any changes
in absorption are a function primarily of differences in component
composition of the grains and not differences in size distributions.
Liquid samples of each emulsion batch were sent to E.I.
Dupont de Nemours, Photoproducts Department in Rochester, N.Y. for
35
measurement of size distribution by electrolytic reduction . For
these measurements at Dupont, each sample of emulsion is placed on a
fine pore filter paper. The sample is covered with an electrolytic
solution and attached to a slowly revolving turntable. A silver
reference electrode and a platinum wire sensing electrode are inserted.
The electric potential between these electrodes is adjusted so that
normally no current flows. As the turntable rotates the platinum wire
comes in contact with individual silver halide grains. The electro
chemical potentials are no longer balanced and current flows, reducing
15
the grain. The current is amplified, measured, and integrated. The
total current required is proportional to the grain volume. With this
method, a large sample size can be gathered and operator error
minimized. For all emulsions evaluated here, a minimum of 10,000 grains






Sample Grain-size Distribution with Tolerance Bars
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C) Sensitometric Characteristics
Sensitometric response of each emulsion was tested with five
replicates on development in both a high-solvent developer and a
low-solvent developer. The replicates were selected at random from
the pooled samples of different coatings.
Table 3
Developer Formulae
High-Solvent Developer Low-Solvent Developer
Metol 2.50 gm 2.50 gm
ascorbic acid - 10.00 gm
sodium sulfite 100.00 gm
sodium carbonate 50.00 gm 50.00 gm
potassium bromide 1.00 gm 1.00 gm
water, to make 1000.00 ml 1000.00 ml
The developer pair was selected for their similarity in
chemical make-up. Both developers were adjusted to a pH of 8.50 to
eliminate any superadditivity of ascorbic acid, which is used in the
low-solvent developer only as a preservative.
Two Edgerton, Germeshausen & Grier flash sensitometers, Mark
6 and Mark 7, with 1.70 neutral density, were used to expose film
samples to a Kodak #2 step tablet. Exposure values for each step were
calculated and are presented in Appendix D. Film samples were removed
from the refrigerator and warmed for a minimum of 30 minutes before use.
Developers were prepared and adjusted on the day of use to
17
insure freshness. Stop bath and fixer were prepared by the Chem Mix
staff of the School of Photographic Arts and Sciences. For each
experiment, five replicates were processed individually by tray-rock
agitation. Trays were 8 inches x 10 inches, and agitation was 12
cycles/minute. Processing procedures are listed in Table 4.
Processing Step


























For each iodide level/developer, processing time to
gamma-infinity was determined and used throughout the evaluation
procedures. Gamma- infinity is defined as the point where continued
development causes no increase in film gamma, (also called development
to completion) Table 5 lists gamma-infinity times for each film type/
developer. (See Appendix E)
18
Table 5








Step tablet densities were measured with a Macbeth TD-102
transmission densitometer. Density-log exposure curves were plotted
for all testing stages. Base + fog, photographic speed, gamma, and
exposure latitude measurements were made. Test value formulae are





















where H is exposure required to




where A density is the largest 3
step interval in density
and A log exposure is the
corresponding difference in log
exposure
log H - log Hr
where log H is log exposure to
produce a density of .10 below
maximum density
and log H is log exposure to
produce a density of .10 above
base + fog
12
Figure 3 displays photographic speed vs. sensitization time for each









Optimum Thiosulfate Sensitization Time (55C)
0% Iodide 30 minutes
1% Iodide 90 minutes
5% Iodide 60 minutes
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D) Spectral Absorption Evaluation
Spectral transmittance and reflectance values were measured
between 380 nanometers and 700 nanometers on a Diano/Hardy
spectrophotometer for comparison evaluation. Absorption calculation
procedures are presented in Appendix F and the calculated absorption
curves are displayed in the Results section of this work.
21
E) RMS Granularity
The purpose of the RMS granularity measurements is to provide
confirmation that the emulsions do indeed have the same grain-size
distributions and that processing does not alter these distributions
significantly.
For each iodide level, uniform density patches 1 inch x 1
inch were prepared at a density of 1.0. Only samples processed in the
high-solvent developer were prepared because of the high fog levels
encountered with use of the low-solvent developer, and the interest in
allowing the solvency action to have the maximum effect on the film
samples.
To prepare these patches, film samples at each iodide level
were placed in a vacumn frame and exposed with a 2850K tungsten
source. A shutter with timer and voltage stabilizer was used to control
exposure .
The exposing source and shutter were mounted in the ceiling
while the vacumn frame was placed on the floor, giving approximately
11 feet of separation. This allows the source to be considered a
point source giving even illumination and negligible intensity falloff
over the film sample area (See Appendix G).
The exposed samples were processed at varying times to produce
a density of 1.0 with minimum density flucuation.
RMS Granularity was measured with a Rochester Institute of
Technology revolving-stage RMS granularity meter . For each test patch
8 granularity measurements totaling 3200 sampled points were made and
averaged to obtain a granularity value (See Appendix H).
22
III) RESULTS
A) Grain Size Distribution
Presented in Figures 5-7 are graphs of grain-size
distributions for the original and replicate emulsions made as a part
of this work. Along with these plots, Dupont provided measurements of
mean grain size, standard deviation, and grain sizes at 16%, 50%, and
84% of the cumulative distribution curve.
Table 7 displays the mean and standard deviation for each
emulsion. In addition, using the provided 16%, 50%, and 84% grain
size measurements,
?/- 25% tolerance limits for each were calculated
and are presented as acceptance ranges for each size.
Dupont also estimated covering power of each emulsion
assuming spherical grain geometries. All values reported in Table 7
are in terms of microns , with the exception of covering power which is




0% #1 .636 3.87
#2 .579 2.47
Table 7
Parameters of Grain-Size Distributions
Grain Size Tolerances Covering
16% 50% 84% Power
.046-.075 .136-. 228 .530-.880 .4149
.045-.078 .122-. 204 .303-.505 .3984
1% #1 .588 1.68 .081-. 135 .150-. 250 .234-. 390 .4292
#2 .544 1.94 .054-.090 .125-. 208 .206-.343 .3891
5% #1 .600 2.64 .047-.078 .173-. 289 .330-. 550 .4048






Grain Volume (micron )
Figure 5





Grain Volume (micron )
Figure 6






Grain Volume (micron )
Figure 7
Grain Size Distribution (95:5 AgBr: I)
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B) Sensitometric Characteristics
Sensitometric results for each iodide level/developer are
presented in Table 8. These values reflect averaging of 5 individually
processed replicates. Values for base + fog are measured directly,
while photographic speed and gamma values are calculated from the
characteristic. curves for each film.
Table 8
Sensitometric Results
Film Developer Base + fog Photographic Speed Gamma
0% low .18 9.1
+/- 1.7 1.22
high .02 11.2 +/- .85 .95
1% low .17 9.3
+/-
.80 .58
high .04 7.8 +/- .20 .68





In addition to this data, sensitometric exposures were made
to determine the effective exposure latitude for
each of the films in a






















.25.. 100:0 AgBr: I
Measured on Diano/Hardy
Spectrophotometer









Granularity samples were processed in a high-solvent
developer to a density of 1.00 +/- .02 and measured on a Rochester
Institute of Technology revolving-stage RMS meter. The meter set-up is
displayed in Appendix H. A computer program to gather data and perform
the necessary analysis was written for the Digital Equipment Corp.
LSI-11 computer by the staff of the Photographic Science and
Instrumentation Department. The program provides a granularity value
and a 95% confidence interval for that value.
The RMS granularity of 8 independent measurements of each
film type were averaged and are shown in Table 9. Values are RMS










Electron micrographs were obtained with a transmission
electron microscope owned by the College of Science of the Rochester




Electron Micrograph (100:0 AgBr: I)
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Figure 11
Electron Micrograph (99:1 AgBr: I)
33
Figure 12
Electron Micrograph (95:5 AgBr: I)
34
IV) DISCUSSION
The spectral absorption curves (Figure 7) show a very small
increase in absorption between 100:0 AgBr:I and 99:1 AgBr:I. This
small increase is not enough to show a change in the photographic
response between the 0% and the 1% emulsions. The 95:5 AgBr: I emulsion
shows a greater increase in spectral absorption.
Figure 9 displays characteristic curves for the three emulsion
types. As predicted by the spectral absorption curves, the 0% and 1%
curves are very similar. The 5% emulsion shows an increase in
photographic response which coincides with the increase in absorption.
There is no indication to support the original hypothesis that a
high-solvent developer would show a greater response than that of a
low-solvent developer with increasing iodide content. With respect to
speed and gamma, both developers showed increases in response between
0% and 5% iodide.
35
V) CONCLUSIONS
From the data gathered as a part of this work, there are a number
of conclusions:
1) 100:0 AgBr:I and 99:1 AgBr:I emulsions exhibit identical
Density-Log exposure curves, within experimental error, for
emulsions sulfur sensitized.
2) 95:5 AgBr: I emulsion exhibits significantly more speed.
This is probably due to increased absorption of light.
3) From the first two conclusions, all three emulsions are
equally sensitive (assuming speed differences are due to light
absorption) when sulfur sensitized. Data supports the
suggestion that variations in iodide content alone does not
change the basic sensitivity.
The general conclusion is that iodide affects absorption of light,
but when corrections are made for the amount of light absorbed, iodide
does not change the sensitivities of sulfur-sensitized emulsions.
36
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Given a pK for AgBr = 11.190 at 50C and knowing that the desired
pAg for the emulsions under study is 8.8-9.0, it is possible to
calculate the pBr needed.
pK = pAg + pBr
11.190 = 8.8 + pBr pBr = 2.39
11.190 = 9.0 + pBr pBr = 2.19
From these calculations it can be seen that use of a solution with
-3
less than 10 Br ions will not be necessary for electrode calibration.
-1 -3
-
Three solutions, 10 to 10 M Br , were prepared and the
electrochemical potential of each measured with an Orion solid-state
Br ion electrode. The values obtained provided a calibration curve
for determining exactly the electric potential needed for the pAg
desired. Addition of either silver solution or bromide solution
allowed adjustment of the emulsions. Because I ion was such a small
percentage of the emulsion volume, and its solubility is so low by




The film coater consists of a vavumn platform for 5 inch by 18
inch film, and a coater carriage. The temperature of the platform is
controlled by a water jacket which acts as a base for the platform.
The water jacket is connected to a hot-and-cold water faucet. When
emulsion is being coated, the platform should be warmed to 40-45C so
that local irregularities in the coating will smooth out. After
coating, it is cooled with chilled water so that the coating will gel.
The carriage supports the coating head, syringe, and the drive motor
for the syringe. As the carriage is driven to travel, the motor
drives the syringe piston which forces the emulsion to the coating
head and out the coating slit. While the carriage can only travel at
one constant speed, the rate of flow for the emulsion can be controlled
by the coater head slit width and a series of drive gears for the
syringe piston.
The slit of the coating head was fixed whereas the clearance
between the coating head and the platform was adjustable, and verified





1) Heat controlled-temperature bath to 55C.
2) Clean and lay out 1 ml and 50 ml pipets.
3) Fill coater cooling tray with ice and water.
4) Cut needed number of film base strips.
5) Place emulsion in water bath, melt down, insert and start turbine
stirrer.
6) With 50 ml pipet, remove emulsion sample from beaker.
7) Attach coater bar to syringe and clamp tubing.
8) Fill syringe with emulsion and add 1 ml of saponin.
9) Insert syringe plunger, release clamp, invert syringe and push
air from syringe and coater bar. Allow small amount of emulsion
to run from coater bar.
10) Attach syringe and bar to coater carriage.
11) Place film base on vanumn platform, start vacumn, warm platform
to 40-45C.
12) Start syringe drive and allow bead of emulsion to form between
bar and film base. Start carriage drive, coat film.
13) When coating complete, remove and clean syringe and coater bar,
start platform cooling water, allow coating to gel.
14) Turn off vacumn, remove film and hang in dryer.




All values are reported in log lux-seconds.
Table 10
Sensitometer Exposure Values
E.G.+G. Mark6 E.G.+G. Mark7
10"2 io-3 io"2 io"3 io"4 io"5
io"6
1 -2.07 -1.34 -1.90 -1.21 -1.34 -1.47 -2.21
3 -1.78 -1.05 -1.61 - .92 -1.05 -1.18 -1.92
5 -1.48 - .75 -1.31 - .62 - .75
-
.88 -1.62
7 -1.20 - .47 -1.03 - .34 - .47
-
.60 -1.34










13 - .31 .42 - .14 .55 .42 + .29
-
.45
15 0.00 .73 + .17 .86 .73 .60
-
.14
17 + .28 1.01 .45 1.14 1.01 .88 + .14
19 .60 1.33 .77 1.46 1.33 1.20
.46








































































Spectral Absorption Calculation Procedures






= absorbance of the film
T = transmittance of the film









where L = total incident radiation
L = radiation incident on the
backing material
R = total reflectance
R = reflectance of the film
a
R, = reflectance of the backing
material
Figure 14














Rn = R. + ILT
This equation was derived to compensate for the reflectivity of
backing material which acts as the sample holder device. For the
measurements made here, a section of matte-black paper was inserted
between the film sample and the sample holder. This produced a backing




allowing the original equation to be used for absorption calculations.
The total relative energy absorbed by the film sample can be
calculated by:







Relative Energy Absorption for Daylight







































































Exposure Set-up for Uniform Density Samples
The configuration of the system used to expose the uniform density
samples is shown in Figure 13, where S is the light source and
ABCD is the film sample with center, 0.
The distance between the source and the film is 11 feet (132 inches)
and the exposed area of the film is 1 inch x 1 inch. Since the source
aperture is less than 1 inch in diameter, which is, in turn, much less
than the distance to the film plane, the source can be viewed as a
point source. Thus, the inverse square law can be used to calculate
the illuminance changes on the film.
illuminance at the center =
so2
illuminance at a corner =
sc2













x 100% = 99.99%
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